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Abstract
Background: Premolars are usually loss their integrity and strength following 
endodontic treatment. This situation necessitates the use of post-core-crown system at 
the time of tooth restorations; however, the criteria of post space preparation may affect 
the retention of the utilized posts and the resistance of the restored teeth to fracture.
Aim: This study aims to evaluate the effect of post space preparation criteria on the 
fracture resistance of endodontically treated premolars. Materials and Methods: A 
total of 40 extracted single-rooted premolars were subjected to endodontic treatment 
after cutting their crowns 2 mm above the cervical line. Root canals in Group 1 
(n = 20) were optimally prepared to receive #2 fiber post (Relyx fiber post), while 
those in Group 2 (n = 20) were overprepared using #3 drill to receive the same size of 
posts. All posts were fixed into their respective spaces using self-adhesive resin cement 
(RelyX Unicem) before building resin composite cores up. Additional 20 premolars 
with no endodontic treatment served as control. All teeth were then prepared to 
receive standardized zirconia-based crowns. The fracture resistance of teeth in each 
group was evaluated on a universal testing machine before and after store aging and 
thermocycling. Both ANOVA and Tukey’s comparisons at α = 0.05 were used to 
statistically analyze the results. Results: All endodontically treated teeth fractured at 
lower stress values than non-treated teeth (P < 0.05). Teeth with over prepared post 
spaces fractured at lower stress values than those with optimally prepared post spaces 
(P = 0.0001382 and 0.000138). Non-aged teeth in all groups showed more resistance 
to fracture than aged ones (P = 0.0001382, 0.0001386, and 0.0001424). Signs of 
catastrophic tooth fracture were seen in most of the tested specimens. Conclusion: 
Although all restoration options provide premolars resistant to fracture under regular 
masticatory values, their resistance is decreased by aging. Over preparation of post 
spaces results in lower resistance of the restored teeth to fracture on loading. Clinical 
Significance: Because endodontically treated teeth, even those restored with post-
core-crown systems, usually show a reduction in their fracture resistance by age, 
dentists should utilize the most conservative techniques while restoring these kinds 
of teeth.
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Introduction
Restoration of endodontically treated teeth with post-core 
system is usually recommended when the remaining coronal 
tooth structure cannot retain and support the overlaying crown 
restorations.[1-4] Fiber-reinforced composite (FRC) posts have 
been introduced as an alternative to both cast and ceramic 
posts.[5] Currently, this kind of posts is widely used in restoring 
the endodontically treated teeth due to its mechanical behavior 
that helps the restored teeth to survive under chewing loads.
[2,6,7] Although FRC posts are esthetically acceptable and easily 
bonded to the tooth structure,[5] the loss of post and crown 
retention, secondary caries, and root fracture still are the main 
causes of restoration failure. Because teeth that undergo root 
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fracture usually have to be extracted, root fracture is considered 
to be the most serious cause of failure.[8-11]
The use of adhesive cementation would also improve the post 
retention and root fracture resistance in spite of the expected 
interference of the endodontic procedure and materials with the 
adhesion of resin-based cements.[12-14] On the other hand, the 
self-etching and self-adhesive resin cements have recently been 
introduced aiming to simplify the cementation procedure and to 
save both dentist and patient’s time.[15,16] One study did confirm 
better retention of fiber posts luted with thicker films of resin-
based cements into overprepared dowel spaces.[17] Many others 
have also extensively examined the retention of endodontic posts 
in different clinically simulated situations and few more studied 
the fracture resistance of endodontically treated teeth. However, 
none did assess the influence of post space preparation criteria 
on the fracture resistance of the restored teeth.[18-20]
Based on the aforementioned literature, the current 
study aimed to assess the influence of optimally and 
overprepared post spaces (over-PPS) on fracture resistance 
of teeth restored with a post-core-crown system. The null 
hypotheses, therefore, suggested no adverse effect of 
over-PPS or simulated aging on the fracture resistance of 
teeth restored with post-core-crown system.
Materials and Methods
Crowns of 40 extracted single-rooted premolars were cut off 
2 mm above the cervical line. All teeth were prepared to receive 
regular endodontic treatment. Following the protocol shown in 
Table 1, root canals were prepared in two groups (n = 20 each). 
Teeth in Group 1 (G1) were first prepared to the optimum 
diameter using #2 size-matching drill (RelyX Fiber Post, 3M 
ESPE, St. Paul, MN), washed using normal saline and then 
dried using paper points, while those in Group 2 (G2) were 
overprepared using #3 drill, 1.9 mm in diameter, before their 
washing and drying.
The self-adhesive resin cement (RelyX Unicem Aplicap, 3M 
ESPE, St. Paul, MN) was used to lute the selected posts into the 
prepared dowel spaces. Cement capsules were first activated for 
2 s and mechanically mixed in Silamat S6 amalgamator (Ivoclar 
Vivadent, Schaan, Liechtenstein) for 15 s. By the help of the special 
applicator, the mixed cement was directly injected through capsule 
nozzle into the prepared dowel spaces and against the bodies of 
the selected posts. All posts were inserted to the full depth of their 
respective spaces using hand pressure and gentle agitation to spill 
the excess cement out. The excess cement was flushed to the top 
of the coronal tooth structure using microbrushes. Following the 
setting of cement material, the lengths of the exposed posts were 
cut off to be 4 mm long above the flat coronal tooth structure. 
Resin composite cores (Filtek Supreme XT, 3M ESPE, St. Paul, 
MN); 6 mm high, were then built up in three increments; each 
was light cured (Elipar S10 light curing device, 3M ESPE, Seefeld, 
Germany) for 20 s, against the remaining tooth structure and to 
totally envelop the exposed posts’ length.
Another 20 premolars with no endodontic treatment served 
as control (Cont). All teeth were then prepared (1.2 mm axial 
reduction with shoulder FL, 6° axial taper, 7 mm occlusogingival 
height) to receive standardized CAD-CAM fabricated zirconia-
based crowns. The prepared teeth were optically scanned using 
Ceramill Map400 (Amann Girrbach, Koblach, Austria), the 
standardized crowns were designed with Ceramill Mind software 
and the crowns were then milled on Ceramill Motion2 (Amann 
Girrbach, Koblach, Austria) out of zirconia-based ceramic blocks 
(ZR) (Ceramill Zi, Amann Girrbach, Koblach, Austria).
The fitting surfaces of the fabricated crowns were bombarded 
with a mixture of 50 and 110 µm alumina (Al2O3) particles 
for 10 s using a pressure of 250 KPa before their cementation 
onto their respected teeth using the same self-adhesive resin 
cement. 10 teeth out of each group were then subjected to 
aging circumstances (1 m storage in water and 3500 cycles of 
thermocycling at 5–55°C with 1 min dwell time) before coating 
their roots with a single layer of low viscosity rubber impression 
material (Imprint II, 3M ESPE, St. Paul, MN) in resemblance 
to the natural periodontal ligament.[21] The coated roots were 
then embedded into acrylic blocks to help the conduction of 
the fracture resistance test. The buccal cusps of all restored 
teeth were obliquely stressed (at 45° inclination) to fracture 
by the aid of a round end rod on a universal testing machine 
(Instron, Model 3300, Instron Corp, Grove City, PA) running at 
a crosshead speed of 0.05 mm/min[21] [Figure 1]. The maximum 
Table 1: Levels of the study
Groups  (n=20 each) Subgroups  (n=10 each)
G1 #2 fiber posts (1.6 mm) luted with optimum cement thickness into 
Opt‑PPS (1.6 mm)
Composite core build‑up
Restored with zirconia‑based crowns
SG1: Non‑aged 
SG2: Aged (1‑month storage in water and thermocycling)
G2 #2 fiber posts (1.6 mm) luted with thicker cement thickness into 
over‑PPS (1.9 mm)
Composite core build‑up
Restored with zirconia‑based crowns
SG1: Non‑aged 
SG2: Aged (1‑month storage in water and thermocycling)
Control Natural teeth with no endodontic treatment
Restored with zirconia‑based crowns
SG1: Non‑aged 
SG2: Aged (1‑month storage in water and 
thermocycling)
Opt‑PPS: Optimally‑prepared post spaces, Over‑PPS: Over‑prepared post spaces
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load at failure were recorded for each specimen and the collected 
data were statistically analyzed using both ANOVA and Tukey’s 
comparisons at a = 0.05 to determine the significance of the 
differences detected between subgroups. The fracture pattern of 
each specimen was also assessed to find out the specific areas of 
weakness (crown, core, post, or the root).
Results
The mean values ±standard deviation of the fracture loads (N) 
in all subgroups were listed in Table 2. Statistical analysis of the 
collected data indicated some difference between the tested 
subgroups (ANOVA, P < 3.415E-37). All endodontically 
treated teeth in G1 and G2 were less resistant to fracture 
than non-treated teeth (control) (Tukey’s, P < 0.05). Teeth 
with over-PPS in G2 fractured at lower force values than 
those with optimally prepared post spaces (Opt-PPS) in G1 
(Tukey’s, P = 0.0001382 and 0.000138 for SG1and SG2, 
respectively). Non-aged teeth (SG1) in all groups showed 
more resistance to fracture than aged ones (SG2) (Tukey’s, 
P = 0.0001382, 0.0001386, and 0.0001424 for Cont., G1, 
and G2, respectively). All fractures of the control specimens 
(Cont.) were noticed in tooth crowns. Most of the teeth with 
over-PPS (G2) showed fractures in their roots; while those 
with opt-PPS (G1) showed a varied distribution of different 
failure patterns [Figures 2 and 3].
Discussion
The restoration of endodontically treated teeth is always a point 
of concern in daily dental practice. The current advances in both 
endodontics and restorative dentistry aid in preserving many 
teeth those formally considered for extraction. However, the loss 
of tooth structure and altered physical characteristics following 
endodontic therapy necessitates a form of restorative treatment 
that for sure would affect the clinical longevity of the treated 
teeth.[22] The use of endodontic posts is currently a routine 
procedure in restoring massively destructed teeth to help provide 
the constructed cores with the necessary retention and resistance 
to displacement.[23] These functions are best achieved using the 
FRC posts due to their superior mechanical properties. Although 
the failure of this restorative approach is usually considered when 
either tooth root fracture or post dislodgement is encountered,[24] 
adhesive luting of the endodontic posts revealed improved 
retention and accordingly minimal incidence of debonding.[25-
27] However, the effect of over-PPS and the mandatory use of 
thicker films of resin-based cement to lute the utilized FRC posts 
on the survival of the restored endodontically treated teeth, to 
the best of our knowledge, has not been extensively evaluated. 
Therefore, this in vitro study had the concern to assess such 
influence in the presence of oblique displacing loads. Although 
the null hypothesis denied the effect of both over-PPS and 
simulated aging on the fracture resistance values of restored 
premolars, the recorded results [Tables 2 and 3] necessitated the 
rejection of that null hypothesis.
The results revealed lower resistance to fracture of the 
endodontically treated teeth in comparison to non-treated 
ones with tooth body fracture being the dominant sign of 
failure. This finding could be supported by one study that 
revealed significant weakness in the endodontically treated 
teeth in comparison to vital teeth. The noticed weakness was 
partly related to the compromised structural integrity that 
greatly influence the ability of the treated teeth to survive under 
functional and impact stresses.[28] In spite of the recorded 
lower resistance to fracture came in agreement with previous 
findings, these records were found to be greater than the 
known values of normal chewing loads (68.65–147.1 N) and 
could, accordingly, satisfy the clinical requirements.[29,30] This 
finding could, on the one hand, be explained by the influence of 
adhesive protocols applied in this study to lute FRC posts into 
their respective post spaces and supported, on the other hand, 
by a finite element analysis that proved the role of bonded posts 
in reducing stresses inside tooth roots.[31] Other studies also 
confirmed the strengthening effect of the adhesively luted posts 
that would help the survival of endodontically treated teeth on 
mastication.[27,32]
Results of the current study also revealed adverse effects of 
both over-PPS and simulated aging on the fracture resistance 
of the restored teeth. Some researchers ranked the luting 
cement to be the weakest link in the tooth/post/core complex. 
Therefore, the thicker films of cement needed to lute FRC 
Figure 1: Testing the fracture resistance of restored teeth
Figure 2: Failures in test specimens: (a) horizontal Fracture in tooth 
root, (b) Horizontal fracture of tooth crown, and (c) Fracture in the 
composite core
a b c
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posts into the overprepared spaces may aid in compromising 
the long-term prognosis of the restored teeth.[33-38] This 
postulation, in some way, could support the results of the 
current study that indicated lower fracture resistance of 
specimens with over-PPS. Other studies referred similar 
findings to the altered stress distribution in the presence of 
endodontic posts.[39-41] When these stresses reach a critical 
value, a slowly growing crack may cause a successive adhesive 
failure at post-cement-root dentin interface. After loss of post 
adhesion, the post is more or less mobile within the root and 
is consequently allowed to act like a wedge transferring the 
stresses to root canal walls and increasing the possibility of 
root fracture specially in case of either thinner canal walls or 
thicker resin cement.[39,40,42] Moreover, the accidentally trapped 
voids that result from improper placement of composite resin 
around the coronal portion of the FRC posts could weaken the 
bond between the post and the core and this can jeopardize the 
fracture resistance of the restored teeth.[43,44]
At the same time, failures of the tested specimens were 
mostly reported at the cervical area of the restored teeth 
[Figures 2 and 3]. The fractographic analysis of teeth restored 
with posts and cores proved that fractures usually start at the 
inner region adjacent to root canals and continue toward the 
outer surface of the tooth.[45] However, the known match 
between the elastic modulus of FRC posts and dentin can 
offer more homogenous distribution of stresses at post-dentin 
interface. This information could, accordingly, explain why 
all favorable fractures were limited to the cervical portion 
of the root including the core-dentin interface since the 
stresses were concentrated in the cervical area and the outer 
root surface.[45,46] Previous investigators also proved that the 
incidence of intraoral adhesive failures normally increased in 
response to cyclic loading and other environmental factors 
such as temperature, pH changes, and microorganisms.[47] 
Their notice surely supports the findings of the current study 
that indicated adverse effect of aging on the fracture resistance 
values of the tested specimens. The limited number of 
specimens and the difficulty related to reproducing the 
complexity of functional loads in the oral environment may 
be considered among the shortcomings of the present study. 
Therefore, further studies including finite element analysis and 
long-term cyclic loading are recommended to complement the 
findings of the present study.
Conclusion
All the recruited restorative options can provide premolars 
resistant to fracture on mastication; this feature is deteriorated on 
aging. Over-PPS and utilizing thicker films of cement to lute FRC 
posts adversely affect the resistance of the restored premolars 
to fracture. Therefore, preservation of tooth tissue during both 
endodontic and restorative procedure is recommended to 
improve their ability to survive on function.
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